Hypertension in older adults is related to adverse cardiovascular outcomes, such as heart failure, stroke, myocardial infarction, and death. The global burden of hypertension is increasing due to an aging population and increasing prevalence of obesity, and is estimated to affect one third of the world's population by 2025. Adverse outcomes in older adults are compounded by mechanical hemodynamic changes, arterial stiffness, neurohormonal and autonomic dysregulation, and declining renal function.
| INTRODUCTION
The 2018 ACC/AHA 1 and ESC/ESH guidelines 2 have different definitions for blood pressure goals: <130/80 mmHg for ACC/AHA and <140/90 mmHg for ESC/ESH. Additional differences arise when addressing the risk and goals in order people at 130/70 to 139/79 mmHg for ESC/ESH but <130/80 mmHg for ACC/AHA. The newer lower thresholds have now included more patients as hypertensives.
HTN is known to have significant effects on cardiovascular (CVD) outcomes such as heart failure, myocardial infarction, and stroke. 3 The asymptomatic quality of systemic hypertension can delay diagnosis and prompt initiation of optimal therapies. As with many conditions, HTN increases with age, with its prevalence increasing from 27% in patients aged younger than 60 years to 74% in those aged older than 80 years. 4 The Framingham Heart Study 5 showed than more than 90% of the participants with a normal blood pressure (BP) at age 55 years eventually develop HTN. Approximately 60% of the population has HTN by 60 years of age and about 65% of men and 75% of women develop high BP by 70 years. 5 By the year 2060, the projected number of people living age 65 years or older will comprise 25% of the United States (US), of which nearly 20 million will surpass the eighth decade of life.
Up to 50% of the people born in the US today will reach their 100th
year. 6 With this rapidly aging population, the prevalence of HTN can only be expected to rise.
Interestingly, several studies that focused on guiding screening and management of HTN traditionally excluded older adults, particularly those over the age of 80 years. Treating elevated BP in older adults has, therefore, remained controversial. However, recent data demonstrates CVD benefits in treating HTN in older adults. This emanates from several key studies, including the UK Prospective Diabetes Study (UKPDS), 7 the Systolic HTN in the Elderly Program (SHEP), 8 SPRINT, 9 the Systolic HTN in Europe trial (Syst-Eur), 10 Medical Research Council Working Party, 11 and the HTN in the Very Elderly Trial (HYVET). 12 Thus, recognition and appropriate treatment of HTN in older adults should be a priority for physicians. This review article aims to address the challenges in assessment and management of HTN in older adults, as well to address the differences among guidelines and societies.
| PATHOPHYSIOLOGY AND COMPLICATIONS OF HYPERTENSION IN OLDER ADULTS
There are specific underlying mechanisms of HTN in older persons, including mechanical hemodynamic changes, arterial stiffness, neurohormonal and autonomic dysregulation, and the aging kidney. 13 Aging results in several structural and functional changes in the arterial vasculature. Over time, the arteries stiffen, with fracturing of the elastic lamellae and intimal hyperplasia is seen in the aorta. The stiffened arteries have decreased capacitance, and limited recoil, with subsequent difficulty to accommodate volume changes throughout the cardiac cycle. Both systolic BP (SBP) and diastolic BP (DBP) increase with age, however, after the age of 60 years, the central arterial stiffness predominates, and as a consequence, SBP continues to rise while the DBP declines thereafter. 14 shown that NT-proBNP concentrations may be a marker of not only ventricular dysfunction, but also arterial stiffness in the older population without CVD disease. NT-proBNP was positively associated with SBP, whereas a U-shaped association was found between DBP and NT-proBNP.
Furthermore, there are hemodynamic mechanical changes that alter wave reflection causing a reduction in the aortic elasticity, as well as loss of recoil during diastole. There is also increase in pulse pressure and pulse-wave velocity. The change in arterial structure causes an increase in the reflected pressure waves added to the forward pressure waves in the ascending aorta that further augments the central SBP.
Over time, endothelial dysfunction occurs, inducing an elevation in endothelin-1 and decreasing bioavailability of nitric oxide, which affects arterial dilation. 16 Other neurohormonal mechanisms include a decline in the renin-angiotensin aldosterone system, with plasma renin levels by age 60 declining to 40% to 60% of younger individuals. 17 Plasma aldosterone levels also decrease, predisposing individuals to drug-related hyperkalemia. 18 Some authors have described increased peripheral plasma norepinephrine related to age, 19, 20 which is thought to be a compensatory mechanism for reduction in beta-adrenergic responsiveness with aging. 21 Reduced baroreflex sensitivity with age and loss of artery compliance causes orthostatic hypotension, defined as a reduction in SBP by at least 20 mmHg or DBP by at least 10 mmHg within 3 minutes of standing. 14 Orthostatic hypotension carries a prevalence of 18% in older adults and is associated with increased falls and cerebrovascular effects. 22, 23 Valbusa et al 22 showed that beta-blockers were associated with increased likelihood of developing orthostatic hypotension.
The older adults rely on an increased cardiac output due to increased heart rate, as opposed to changes in their stiff arteries to achieve postural homeostasis. There is also evidence of orthostatic HTN and its association with cerebrovascular events in older adults. 24 A randomized clinical trial suggested that non-institutionalized elderly targeting a SBP <120 mmHg was not associated with significant increases in orthostatic hypotension. 25 Postprandial hypotension in geriatric patients is an underrecognized cause of syncope. 26 The mechanism is unclear, but it appears to be related to reduced sympathetic response to a meal.
Ambulatory BP monitoring and symptoms can give a diagnose. The patient can be advised to increase water intake before eating or substituting six smaller meals daily for three larger meals. 26 Older adults have an increase frequency of postprandial hypotension.
Patients with HF, syncope, Parkinson's disease, end-stage renal disease on dialysis, autonomic dysfunction can have postprandial hypotension. [27] [28] [29] [30] Frail older adults with postprandial hypotension increase their postprandial BP and heart rate when walking. 31 The aging changes in the kidney are increased salt sensitivity due to a decline in the activity of the sodium/potassium and calcium adenosine triphosphate pumps, which prompts vasoconstriction and vascular resistance. 32 Lastly, HTN in the elderly is also associated with increased risk of ischemic and hemorrhagic strokes, 33, 34 vascular dementia, Alzheimer's disease, 35 coronary artery disease and events, 36 atrial fibrillation, chronic kidney disease and retinal diseases.
| Diagnosis of hypertension
The diagnosis of hypertension requires measurement of BP in the proper environment under optimum conditions. 1 It requires that the patient be relaxed in a chair for at least 5 minutes with the arm resting. In order to establish diagnosis, ≥2 readings of elevated BP on ≥2 occasions are needed. 1 White coat hypertension is more common among elderly patients possibly related to increasing arterial stiffness, thus, ambulatory or out-of-office blood pressure readings is important in the subgroup of patients with mildly elevated in-office BP readings. 2, 37 The 2017 ACC has set a blood pressure reading above ≥130/80 mmhg to be considered hypertensive while the European Society of Hypertension guidelines have maintained a blood pressure reading of ≥140/90 mmhg to be considered to be hypertensive. 38, 39 Since high BP is primarily asymptomatic, structured community programs play an important role in the diagnosis and have proven effective in diagnosis patients unaware they have hypertension. 40, 41 3 | CURRENT EVIDENCE AND GUIDELINES Treatment of ISH in older adults was somewhat unclear until randomized studies such as the Systolic Hypertension in the Elderly Program (SHEP), 8 the Systolic Hypertension in Europe trial (Syst-Eur), 42 and the Hypertension in the Very Elderly Trial (HYVET) 43 showed significant CV benefits on lowering SBP in patients with ISH. All these four trials defined ISH as SBP ≥160 and DBP <90 mmHg. Based on the data mainly from HYVET study, the 2013 European Society of Hypertension/European Society of Cardiology Guidelines 44 for the management of HTN stated that there is evidence for benefits of lowering the SBP to <150 mmHg in older adults with initial SBP of >160 mmHg. Recently, SPRINT trial added to this evidence base and showed the benefits of a lower BP goal of SBP <120 mmHg in patients aged over 75 years. 25 Despite this convincing evidence of the benefit of antihypertensive treatment in older adults with HTN, the optimal BP target has remained unclear in this population. This mostly derives from the higher vulnerability of older adults to develop complications from the antihypertensives such as orthostasis, falls and renal dysfunction due to their burden of comorbidities, advanced age and frailty. This was studied in a post hoc analysis of both HYVET 45 and SPRINT, 25 however, these studies did not show a relationship between the benefits of antihypertensive treatment and patient frailty. Both studies concluded that antihypertensive treatment goals in frail older patients should be similar to treatment strategies used in the fittest patients. These results were then incorporated in the 2017 Canadian guidelines that proposed to target an SBP of <120 mm Hg for all individuals aged over 75 years. 46, 47 The 2017 American College of Cardiology/American Heart Association (ACC/AHA) guidelines recommend that a BP <130/80 mm Hg should be targeted after the age of 65 years. 47 However, more recently, the 2018 ESC/ESH guidelines proposed a BP goal of <140/90 mm Hg for individuals older than 65 years. 2 The 2017 American College of Physicians/American Association of Family Physicians guidelines propose to target a BP <150/90 mm Hg. 48 Based on these different recommendations regarding the target BP in older adults, it seems clear that there is still debate on optimal BP targets.
For most patients, recent evidence suggests that "the lower the better" concept should be considered. However, the Eighth Joint National Committee (JNC 8) defined a higher BP target of 150/90 for people above the age of 60 years. This recommendation was not accepted by all committee members who then published a "minority report" outlining their views of the evidence. It is important to note that there is increased vascular stiffness in older adults that results in higher systolic pressure, lower diastolic pressure and higher pulse pressure. This would probably require different BP lowering strategies compared with younger patients. We recommend the physicians to critically assess the evidence as there are strengths and weaknesses of discussions on BP targets in older adults. Overall, choosing a target blood pressure in older adults with hypertension requires discussion between physician and the patient taking into consideration several factors such as the burden of comorbidity, life expectancy, clinical judgment, and patient preference.
While the SPRINT and HYVET studies support blood pressure control even in frail individuals, analysis of NHANES data by Odden et al suggest that impaired walking speed (a surrogate for frailty) may assist in risk stratifying frail seniors. In slower walkers (<0.8 m/s), elevated SBP and DBP (≥140/90) were not associated with mortality. 49 Observational data suggests that BP reductions in the frail individuals may be harmful.
A meta-analysis 50 identified that between 40 to 69 years of age, each difference of 20 mmHg in the SBP or 10 mmHg increase of DBP is associated with more than 2-fold difference in stroke-related death, death due ischemic heart disease and from other vascular etiologies.
Differences were about half as extreme between ages 80 to 89 years.
Data from The Second National Health and Nutrition Examination
Survey (NHANES II) and SHEP trial showed that in the elderly, there is a linear relationship between CVD risk, specifically in stroke, and increasing SBP (the absolute stroke risk in the place group of the SHEP trial was 8.2% over 5 years, compared to the 5% present in the patients that received treatment). 8, 51 The HYVET randomized control trial enrolled individuals age ≥ 80 with a SBP of at 160 mmHg to receive indapamide or placebo, and demonstrated a 21% relative reduction in all-cause mortality and a 23% relative reduction in CVD mortality after a median of 1.8 years under treatment. 12, 43 Until SPRINT, 9 most guidelines favored a goal of <140/90 mmHg in patients with chronic kidney disease (CKD). Interestingly, observational studies of CKD cohorts have shown increased mortality at lower SBP and a flat relationship of SBP to event risk in older patients with CKD, which supports the concern of intensive BP management. 52, 53 In the subgroup analysis of the elderly in the SPRINT cohort, frail elderly subjects had benefits from lower BP goals, even in cases with CKD. Both HYVET and SPRINT were stopped early for benefit. It should also be noted that SPRINT excluded those participants that had <110 mmHg standing BP. The investigators that conducted SPRINT Senior 25 selected 2636 subjects with CVD risk, ≥75 years without stroke, and diabetes mellitus (DM), and randomized them to SBP <140 mmHg vs <120 mmHg.
In the INVEST sub-study, the adjusted hazard ratio for primary outcomes showed a J-shaped relationship between each age group with on-treatment SBP and DBP. The SBP at the hazard ratio nadir increased with aging, highest for the elderly (140 mmHg). Nevertheless, DBP at the hazard ratio nadir was slightly decreased for the very old (70 mmHg). 54 This evidence has been synthesized into recent guidelines and The ACC/AHA guidelines emphasize individualized CV risk assessment with the use of the ASCVD risk calculator, which uses data from a pooled cohort to create personalized risk for each patient. Therefore, an individual with an ASCVD risk calculator score of >10% 10-year risk will receive more aggressive treatment. While the ESC/ESH guidelines uses instead the SCORE (Systemic Coronary Risk Evaluation) system coupled with risk modifiers and assessment of HTN mediated organ damage, and a patient with >10% 10-year CV risk will require more aggressive therapy. The SCORE system estimates the risk based on age, sex, tobacco use, total cholesterol and systolic BP and uses European cohort datasets.
One of the benefits of using the ESC/ESH guidelines in patients older than 65 years is that the SCORE system was adapted for this group. 63 Data from Heart Outcomes Prevention Evaluation (HOPE3) showed no benefit of BP lower less than 140/90 mmHg in patients with intermediate risk, 64 which emphasizes the importance of addressing the CV risks when tailoring BP goals. One size may not fit all, the ESC/ESH guidelines goals may be more feasible in patients with poor vascular compliance, orthostatic hypotension, and high pulse pressures. 33, 43, 65 The consensus documents looked at the same evidence and came up with different recommendations. When reviewing the data from the "minority view" paper in Annals there is a statistical type II misinterpretation of the data. 57 They accepted the null hypothesis (no significant difference in outcome) from prospective trials less than 3 years. The studies lasting more than 3 years (SHEP and FEVER) had more events accumulated for the primary outcome and were all considered positive trials.
| CHALLENGES IN GERIATRIC CARDIOLOGY
The challenge in geriatric cardiology is making decisions not on age alone, but on the overall medical, physical, social, and mental characteristics of the patient. There is definitely a place for personalized medicine. The physician will need to alter current practice to altered pharmacokinetics and pharmacodynamics in aging and be mindful of issues such as cognitive impairment, 66 competing medical health problems, polypharmacy, 67 orthostatic hypotension, falls, gait speed, 68 medication cost and side effects, incontinence, fatigue, visual and auditory limitations, social support, caretaker availability and frailty. [68] [69] [70] It is a misconception to assume that advanced age precludes aggressive interventions. It is important to rule out pseudo-HTN, masked HTN, situational HTN and exclude secondary causes in cases of resistant HTN. 73 Some observational studies have argued that low salt intake maybe associated with activation of renin-angiotensinaldosterone system with increased sympathetic system activity leads to adverse cardiovascular effects. 74, 75 This was however refuted by a meta-analysis by Aburto et al, which showed that lowering salt intake to less than 1200 mg per day was safe and beneficial. 76 It has also been described that intentional weight loss is associated with increased mortality, but in a post hoc analysis of the TONE data, there was no association with an increase in all-cause mortality in elderly patients that had weight loss and improvement of BP. 73 The DASH eating plan is the best diet with most data supporting lowering BP. 71 The recommended physical activity recommended are aerobic exercise (90-150 minutes per week with achievement of 65% to 75% of heart rate reserve), dynamic resistance (90-150 minutes per week), or isometric resistance (3 sessions per week for 8 to 10 weeks of 4 × 2 minutes of hand grip, 1-minute rest, 30% to 40% of maximum voluntary contraction). 71 Older adults at any submaximal exercise load will exert at a higher maximal capacity and effort than younger individuals, 77 they may benefit of experienced fitness trainers to define optimal frequency, intensity, and duration of each type of exercise.
| HYPERTENSION MANAGEMENT IN THE ELDERLY

| Non-pharmacologic interventions
Aging causes decline in muscle strength and power, 78 and two or more non-consecutive days of moderate-intensity strengthening activities, with 8 to 10 exercises involving the major group muscles and 8 to 12 repetitions of each exercise. 79 Dolan et al 80 highlighted the importance of home ambulatory BP monitoring over clinic BP measurement to predict mortality. In clinical practice home ambulatory monitoring it is a better tool diagnosis and for titration of medications. 81 The use of telemedicine to manage our patients is a modern tool that will improve our management in older persons that require slow and careful adjustments in their medication, without asking them to overcome the hurdles of transportation, walking and time of having a clinic visit. 82 
| Pharmacologic interventions
When medications are needed to manage older adults with uncontrolled HTN, factors to consider prior to selecting a medication include comorbidities, frailty of the patient, ability to follow instructions, complexity of the current regimen, supporting care (ie, spouses and family) and lastly electrolytes and renal function. 1, 83 Thiazide diuretics, angiotensin-converting-enzyme inhibitor (ACEI), angiotensin II receptor blockers (ARB), and calcium channel blocker (CCB), have all shown benefit on CVD outcomes in older age patients. Unless clinically indicated by comorbidities, beta blockers should not be used as first line medications because they may worsen CVD outcomes in those over 60 years of age. 11 Loop diuretics and alpha-blockers should also be avoided given their association with falls. 84 In patients with isolated HTN, the ESH/ESC guidelines recommends a calcium antagonist or diuretic in the elderly patients. 83 This is supported by evidence from the ALLHAT 85 trial which suggested that low-dose daily chlorthalidone was most effective in the population and also by the Anglo-Scandinavian Cardiac Outcomes Trial-blood-pressure-lowering arm (ASCOT-BPLA) which showed significant overall mortality benefit in subjects aged >60 years when given a combination of CCB and ACE-I. 86 Commonly, BP remains uncontrolled on monotherapy and a combination of different agents is needed to achieve adequate BP control. Any of the four first line BP medications can be combined, however based on multiple RCTs RAAS blockers and CCB/thiazide is the preferred combination. 87 Single pill combination can be utilized with the added benefit of improving medication compliance. 83 The medications should then be up titrated, with additional medications added as needed to achieve BP targets.
Initiation of any medication should be done with assessment of orthostatic hypotension and gradual titration according to tolerance.
Renal function should be assessed to detect possible increases in serum creatinine and reductions in GFR as a result of BP-related reductions in renal perfusion. Hypokalemia is also an important side effects of diuretics which needs to be monitored. The medical team needs to be cognizant of treatment related side effects which may occur more frequently than reported in clinical trials.
| FUTURE DIRECTIONS
The key component of managing the elderly is to address lifestyle modifications in the younger populations to prevent HTN with aging.
Although there is a component just related to aging of the tissues, there is also a critical behavioral component that we can adjust by reducing obesity, incidence of diabetes mellitus, tobacco use, and alcohol consumption.
When a physician sees younger patients, it is important to emphasize the importance of prevention of HTN with lifestyle modification in order to reduce their risk of cognitive impairment, stroke, myocardial infarction, heart failure, renal failure, and other complications.
Newer clinical trials addressing polypill could be a solution to increase adherence as it would minimize number tablets. The use of telemedicine, text messages to trend BP medicines and the HoME study will provide answers regarding the use of technology to manage patients from home. 88 Other investigators are looking into gut microbiota and its effect of hypertension and weight control. New clinical trial evaluating drugs (ie, MK-8266, fimasartan), for management of HTN in the older adults will soon finalize their recruitment. 88 Invasive strategies such as renal denervation are also under study. 88 
| CONCLUSION
As Americans are living longer, there will be an increasing burden of HTN in the growing population of elderly patients. While lifestyle changes have the potential to mitigate this, adoption of healthy practices have been lagging in the US population. Education and awareness programs in community centers, place of worship (temples, churches, F I G U R E 1 Blood pressure goals in pivotal clinical trials: demonstrated in chronologic order from 1985 to 2016 the systolic and diastolic blood pressure goals in mmHg. We are able to appreciate a remarkable difference in SPRINT ELDERLY compared to prior synagogues and mosques), and businesses, such as the barber shop initiatives will continue to have impact. Screening for blood pressure elevation, improving access to care, and adoption of guideline driven management are keys to reducing the impact of HTN in our elderly patients. Further research is needed in this population, since most clinical trials include a small proportion of persons over age 85 years old. Such trial can help solidify the current recommendations to use >130/80 after lifestyle intervention as the threshold for initiation of therapy and <130/80 at the target of therapy.
